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STAGE AND SCAN DRIVER USING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean patent application no. 10-2017-0060116 filed on

May 13, 2017, 1n the Korean Intellectual Property Office, the
entire disclosure of which 1s incorporated herein in 1ts
entirety by reference.

BACKGROUND

1. Field

Aspects of embodiments of the present disclosure relate to
a circuit stage and a scan driver using the circuit stage.

2. Description of the Related Art

With the development of information technology, the
importance of display devices that function as connection
media between users and information has become ever more
apparent. Accordingly, the use of various display devices,
such as a liquid crystal display (LCD) device and an organic
light-emitting display device, has increased.

Generally, a display device includes a data driver for
supplying data signals to data lines, a scan driver for
supplying scan signals to scan lines, and a display unit
including pixels disposed 1n regions partitioned by the scan
lines and the data lines.

The pixels included 1n the display unmit are selected when
scan signals are supplied to the scan lines and are then
supplied with data signals from the data lines. The pixels
supplied with the data signals supply light having luminance
corresponding to the data signals to the outside of the display
unit.

The scan drniver includes circuit stages coupled to the scan
lines. The circuit stages supply the scan signals to scan lines
coupled thereto 1n accordance with signals from a timing
controller.

On the other hand, pixels included in an organic light-
emitting display device may be implemented using N-type
transistors (e.g., NMOS transistors) and P-type transistors
(e.g., PMOS ftransistors) to minimize or reduce leakage
current. However, when circuit stages are implemented
using N-type transistors, 1t 1s difhicult to secure the reliability
of driving. Therefore, there are circuit stages that are imple-
mented using P-type transistors and are configured to supply
high-level scan signals.

SUMMARY

Aspects of embodiments of the present disclosure are
directed to a circuit stage for supplying a high-level scan
signal and a scan driver using the circuit stage.

According to some embodiments of the present disclosure
there 1s provided a circuit stage including: a first transistor
including a first electrode and a gate electrode, the first
clectrode being coupled to a first input terminal and the gate
clectrode being coupled to a second mput terminal config-
ured to recerve a first clock signal; an output circuit coupled
to the second input terminal and a second power input
terminal, and configured to supply a scan signal to an output
terminal 1n accordance with voltages of a first node and a
second node; an 1mput circuit coupled to a second electrode
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2

of the first transistor and to a third input terminal, the third
input terminal being configured to receive a first control
clock signal, the input circuit being configured to control
voltages of the second node and a third node; a first driving
circuit coupled to a first power imnput terminal and to a fourth
input terminal configured to recerve a second control clock
signal, the first driving circuit being configured to control the
voltage of the second node; and a second drniving circuit
coupled to the fourth iput terminal and the third node, and
configured to control the voltage of the first node.

In some embodiments, transistors of the output circuit, the
input circuit, the first driving circuit, and the second driving
circuit, and the first transistor are P-type transistors.

In some embodiments, the first power mput terminal 1s
configured to receive a first power voltage set to a gate-oil
voltage, and the second power input terminal 1s configured
to recerve a second power voltage set to a gate-on voltage.

In some embodiments, the first mnput terminal 1s config-
ured to receive erther an output signal from a previous circuit
stage or a gate start pulse.

In some embodiments, the first control clock signal and
the second control clock signal have an identical cycle
period, and are configured such that, 1n one cycle period, a
high voltage supply period 1s longer than a low voltage
supply period and such that the second control clock signal
1s shifted by %2 cycle period from the first control clock
signal.

In some embodiments, the first clock signal has a cycle
period longer than that of the first control clock signal, and
1s configured such that, in one cycle period, a high voltage
supply period 1s shorter than a low voltage supply period.

In some embodiments, a high voltage supply period of the
first clock signal overlaps low voltage supply periods of the
first control clock signal and the second control clock signal.

In some embodiments, the input circuit includes: a second
transistor coupled between the second electrode of the first
transistor and the second node, a gate electrode of the second
transistor being coupled to the third input terminal; a third
transistor coupled between the third node and the third input
terminal, a gate electrode of the third transistor being
coupled to the second node; and a fourth transistor coupled
between the third node and the second power mput terminal,
a gate electrode of the fourth transistor being coupled to the
third imput terminal.

In some embodiments, the first driving circuit includes: a
fifth transistor coupled between a fourth node and the fourth
input terminal, a gate electrode of the fifth transistor being
coupled to the second node; a sixth transistor coupled
between the first power mput terminal and the fourth node,
a gate electrode of the sixth transistor being coupled to the
third node; and a first capacitor coupled between the second
node and the fourth node.

In some embodiments, the first driving circuit includes: a
first capacitor coupled between the second node and the
fourth input terminal; and a fifth transistor and a sixth
transistor coupled 1n series between the second node and the
first power mput terminal, wherein a gate electrode of the
fifth transistor 1s coupled to the fourth mput terminal, and a
gate electrode of the sixth transistor is coupled to the third
node.

In some embodiments, the second driving circuit
includes: a second capacitor including a first terminal
coupled to the third node; a seventh transistor coupled
between a second terminal of the second capacitor and the
fourth 1mput terminal, a gate electrode of the seventh tran-
sistor being coupled to the third node; and an eighth tran-
sistor coupled between the second terminal of the second




US 11,735,117 B2

3

capacitor and the first node, a gate electrode of the eighth
transistor being coupled to the fourth mput terminal.

In some embodiments, the output circuit includes: a ninth
transistor coupled between the second 1input terminal and the
first node, a gate electrode of the ninth transistor being
coupled to the second node; a tenth transistor coupled
between the second input terminal and the output terminal,
a gate electrode of the tenth transistor being coupled to the
first node; an eleventh transistor coupled between the output
terminal and the second power input terminal, a gate elec-
trode of the eleventh transistor being coupled to the second
node; and a third capacitor coupled between the second
input terminal and the first node.

According to some embodiments of the present disclosure
there 1s provided a scan driver including: a plurality of
circuit stages configured to supply high-voltage scan signals
to scan lines, wherein each of the circuit stages includes: a
first transistor including a first electrode and a gate electrode,
the first electrode being coupled to a first input terminal
configured to recerve either an output signal from a previous
circuit stage or a gate start pulse, the gate electrode being
coupled to a second input terminal configured to receive a
clock signal; an output circuit coupled to the second 1nput
terminal and to a second power input terminal configured to
receive a second power voltage, the output circuit being
configured to supply a scan signal to an output terminal 1n
accordance with voltages of a first node and a second node;
an 1mput circuit coupled to a second electrode of the first
transistor and to a third mput terminal configured to receive
a first control clock signal, the 1input circuit being configured
to control voltages of the second node and a third node; a
first driving circuit coupled to a first power mput terminal
configured to recerve a first power voltage set to a voltage
higher than that of the second power voltage, the first drniving
circuit being coupled to a fourth input terminal configured to
receive a second control clock signal, the first driving circuit
being configured to control the voltage of the second node;
and a second driving circuit coupled to the fourth input
terminal and the third node, and configured to control the
voltage of the first node.

In some embodiments, transistors of the output circuit, the
input circuit, the first driving circuit, and the second driving
circuit, and the first transistor are P-type transistors.

In some embodiments, second mnput terminals of j-th
circuit stages (where 115 1, 5,9, . . . ) are configured to
receive a first clock signal, second mput terminals of j+1-th
circuit stages are configured to receive a second clock signal,
second mput terminals of j+2-th circuit stages configured to
receive a third clock signal, and second mnput terminals of
1+3-th circuit stages are configured to receive a fourth clock
signal.

In some embodiments, the first to fourth clock signals

have an 1dentical cycle period, and are configured such that,
in one cycle period, a high voltage supply period 1s shorter
than a low voltage supply period.
In some embodiments, the first to fourth clock signals are
sequentially supplied such that phases thereof are shifted by
/4 cycle period from each other.

In some embodiments, the first control clock signal and

the second control clock signal have an identical cycle
period, and are configured such that, 1n one cycle period, a
high voltage supply period 1s longer than a low voltage
supply period and such that the second control clock signal
1s shifted by 2 cycle period from the first control clock
signal.
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4
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram schematically illustrating an organic
light-emitting display device according to an embodiment of
the present disclosure.

FIG. 2 1s a diagram schematically illustrating a first scan
driver illustrated in FIG. 1.

FIG. 3 1s a diagram 1llustrating an example of coupling
terminals of a circuit stage illustrated in FIG. 2.

FIG. 4 1s a circuit diagram 1llustrating an embodiment of
the circuit stage illustrated 1n FIG. 3.

FIGS. § and 6 are waveform diagrams illustrating an
embodiment of a method of driving the circuit stage 1llus-
trated 1n FIG. 4.

FIG. 7 1s a wavelorm diagram 1illustrating the simulation
results of a circuit stage according to an embodiment of the
present disclosure.

FIG. 8 1s a circuit diagram 1llustrating an embodiment of
the circuit stage illustrated 1n FIG. 3.

FIG. 9 1s a circuit diagram 1llustrating an embodiment of
the circuit stage illustrated 1n FIG. 3.

FIG. 10 1s a wavelorm diagram schematically 1llustrating
scan signals corresponding to the circuit stage of FIG. 9.

DETAILED DESCRIPTION

Example embodiments will now be described more fully
heremnafter with reference to the accompanying drawings;
however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and wall fully
convey the scope of the example embodiments to those
skilled 1n the art.

That 1s, 1t 1s noted that 1n this specification, the present
disclosure 1s not limited to the following embodiments, but
may be implemented 1n different forms. Further, it 1s also
noted that the same reference numerals are used to designate
the same or similar elements throughout the drawings.

FIG. 1 1s a diagram schematically illustrating an organic
light-emitting display device according to an embodiment of
the present disclosure.

Retferring to FIG. 1, the display device according to an
embodiment of the present disclosure may include a display
unit 100, a first scan driver 110, a second scan driver 120, an
emission driver 130, a data driver 140, a timing controller
150, and a host system 160.

The display unit 100 includes a plurality of pixels PXL
located to be coupled to data lines D, first scan lines S1,
second scan lines S2, and emission control lines E. Each of
the pixels PXL supplies light having a set or predetermined
luminance to the outside of the display unit 1n accordance
with the corresponding data signal.

For this operation, each pixel PXL has a plurality of
transistors, mcluding a driving transistor, and an organic
light-emitting diode (OLED). The pixel PXL 1s supplied
with a data signal from the corresponding data line D in
accordance with a scan signal supplied to a first scan line S1
and/or a scan signal supplied to a second scan line S2. After
the data signal has been supplied, the driving transistor
supplies a current corresponding to the data signal to the
OLED, and thus the OLED emits light having a set or
predetermined luminance. The emission time of such a pixel
PXL 1s controlled in response to emission control signals
supplied through the emission control lines E.

Additionally, the pixel PXL includes an N-type transistor
(e.g., NMOS transistor) and a P-type transistor (e.g., PMOS
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transistor). For example, the pixel PXL may be implemented
using various suitable types of circuits so that 1t includes an
N-type transistor and a P-type transistor.

The data driver 140 generates data signals using image
data RGB inputted from the timing controller 150. The data
signals generated by the data driver 140 are supplied to the
data lines D. The data driver 140 may be implemented using
various suitable types of currently known circuits.

The first scan driver 110 supplies scan signals to the first
scan lines S1. For example, the first scan driver 110 may
sequentially supply the scan signals to the first scan lines S1.
When the scan signals are sequentially supplied through the
first scan lines S1, N-type transistors included 1n respective
pixels PXL are sequentially turned on in each horizontal
line. For this operation, each scan signal supplied from the
first scan driver 110 1s set to a gate-on voltage (e.g., a high
voltage) so that the N-type transistor may be turned on. The
structure of the first scan driver 110 will be described 1n
detail later.

The second scan driver 120 supplies scan signals to the
second scan lines S2. For example, the second scan drniver
120 may sequentially supply the scan signals to the second
scan lines S2. When the scan signals are sequentially sup-
plied through the second scan lines S2, P-type transistors
included 1n respective pixels PXL are sequentially turned on
in each horizontal line. For this operation, each scan signal
supplied from the second scan driver 120 1s set to a gate-on
voltage (e.g., a low voltage) so that the P-type transistor may
be turned on. The second scan driver 120 may be imple-
mented using various suitable types of currently known
circuits.

Additionally, when scan signals are sequentially supplied
from the first scan driver 110 and/or the second scan driver
120, the pixels PXL are selected on a horizontal line basis,
and the selected pixels PXL are supplied with data signals.
The first scan driver 110 and/or the second scan driver 120
may be mounted on a panel. That 1s, the first scan driver 110
and/or the second scan driver 120 may be mounted on a
substrate via a thin film process.

The emission driver 130 supplies emission control signals
to the emission control lines E. For example, the emission
driver 130 may sequentially supply the emission control
signals to the emission control lines E. When the emission
control signals are sequentially supplied, the pixels PXL are
sequentially set to a non-light emission state. For this
operation, the emission control signals may be set to a
gate-oll voltage so that transistors included in respective
pixels PXL are turned ofl. The emission driver 130 may be
implemented using various suitable types of currently
known circuits.

The timing controller 150 may supply gate control signals
to the scan drivers 110 and 120 based on timing signals, such
as image data RGB, a vertical synchronization signal Vsync,
a horizontal synchronization signal Hsync, a data enable
signal DE, and a clock signal CLK, which are outputted
from the host system 160, and may supply data control
signals to the data driver 140. Further, the timing controller
150 may supply emission control signals to the emission
driver 130.

The gate control signals include a first gate start pulse
GSP1, one or more first gate shift clocks GSCI1, a second
gate start pulse GSP2, and one or more second gate shiit
clocks GSC2. Here, the first gate start pulse GSP1 and the
first gate shift clocks GSC1 are supplied to the first scan
driver 110, and the second gate start pulse GSP2 and the
second gate shift clocks GSC2 are supplied to the second
scan driver 120.
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The first gate start pulse GSP1 controls the start timing of
the scan signals supplied from the first scan driver 110. The
first gate shitt clocks GSC1 denote one or more clock signals
for shifting the first gate start pulse GSP1.

The second gate start pulse GSP2 controls the start timing
of the scan signals supplied from the second scan driver 120.
The second gate shift clocks GSC2 denote one or more clock
signals for shifting the second gate start pulse GSP2.

The emission control signals include an emission start
pulse ESP and one or more emission shift clocks ESC. The
emission start pulse ESP controls the start timing of the
emission control signals. The emission shift clocks ESC
denote one or more clock signals for shifting the emission
start pulse ESP.

The data control signals include a source start pulse SSP,
a source sampling clock SSC, a source output enable signal
SOE, etc. The source start pulse SSP controls the data
sampling start point of the data driver 140. The source
sampling clock SSC controls the sampling operation of the
data driver 140 based on a rising edge or a falling edge
thereof. The source output enable signal SOE controls the
output timing of the data driver 140.

The host system 160 supplies image data RGB to the
timing controller 150 through an interface (e.g., a predeter-
mined interface). Further, the host system 160 supplies the
timing signals Vsync, Hsync, DE, and CLK to the timing
controller 150.

FIG. 2 1s a diagram schematically 1llustrating the first scan
driver illustrated in FIG. 1. In FIG. 2, 1t 1s assumed that n
stages (e.g., circuit stages) ST (where n 1s a natural number
of 2 or more) are mcluded in the first scan driver 110.

Referring to FIG. 2, the first scan driver 110 according to
an embodiment of the present disclosure includes a plurality
of stages ST1 to STn. Fach of the stages ST1 to STn 1s
coupled to any one of first scan lines S11 to Sln, and
supplies a scan signal SS to the corresponding one of the first
scan lines S11 to S1n 1n accordance with a first gate start
pulse GSP1. Here, an 1-th stage STi (where 1 1s a natural
number) may supply a scan signal SS1 to an 1-th first scan
line S1i.

The first stage ST1 supplies a scan signal SS1 to the first
scan line S11 coupled thereto 1n accordance with the first
gate start pulse GSP1. Each of the remaining stages ST2 to
STn supplies a scan signal (e.g., any one of SS2 to SSn) to
the first scan line (e.g., any one of S12 to Sln) coupled
thereto 1n accordance with an output signal (i.e., a scan
signal) supplied from a previous stage. For example, the 1-th
stage ST1 may supply a scan signal SS1 to the 1-th first scan
line S11 1n accordance with a scan signal SSi1—1 supplied
from an 1-1-th stage STi-1.

The first gate shift clocks GSCI1 include a first clock
signal CLLK1, a second clock signal CLLK2, a third clock
signal CLLK3, a fourth clock signal CLK4, a first control
clock signal CCLKI1, and a second control clock signal
CCLK2.

The first clock signal CLK1 to the fourth clock signal
CLK4 are supplied to different stages ST. For example, the
first clock signal CLKI1 1s supplied to j-th stages ST7 (where
11s 1, 5,9, .. .), and the second clock signal CLK2 1s
supplied to j+1-th stages STj+1. Further, the third clock
signal CLK3 1s supplied to j+2-th stages STj+2, and the
tourth clock signal CLLK4 1s supplied to 1+3-th stages STj+3.
The first clock signal CLLK1 to the fourth clock signal CLK4
are supplied as scan signals SS to the first scan lines S11 to
Sln.

The first control clock signal CCLK1 and the second
clock signal CCLK2 are supplied to the stages ST1 to STn.
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The first control clock signal CCLK1 and the second clock
signal CCLK2 are used as control signals for controlling the
operation of the stages ST1 to STn.

As 1llustrated 1n FIG. 6, the first clock signal CLK1 to the
fourth clock signal CLLK4 are set to square waves, each
alternating between a high voltage and a low voltage. Here,
in one cycle of each of the first clock signal CLK1 to the
tourth clock signal CLLK4, a high-voltage period T1 may be
set to a period shorter than a low-voltage period T2. Here,
the high-voltage period T1 corresponds to the width of a
scan signal, and may be variously set, 1n any suitable manner
known to a person of ordinary skill 1n the art, depending on
the circuit structure of a pixel PXL.

The first clock signal CLK1 to the fourth clock signal
CK4 are set to signals which have the same cycle (e.g., the
same cycle period, such as 4H) and have phases shifted from
cach other. For example, the first clock signal CLK1 to the
fourth clock signal CLK4 may be set such that each of the
clock signals 1s shifted (e.g., shifted in time) by Y4 cycle
(e.g., V4 cycle period) from a previously supplied clock
signal. In other words, when the first clock signal CLK1 to
the fourth clock signal CLLK4 are sequentially supplied, the
second clock signal CLLK?2 1s phase-shifted by V4 cycle from
the first clock signal CLK1, the third clock signal CLK3 1s
phase-shifted by Y4 cycle from the second clock signal
CLK2, and the fourth clock signal CLK4 1s shifted by 4
cycle from the third clock signal CLK3.

Each of the first control clock signal CCLKI1 and the
second control clock signal CCLK?2 1s set to a square wave
signal alternating between a high voltage and a low voltage.
For example, the first control clock signal CCLK1 and the
second control clock signal CCLK?2 are set to signals which
have the same cycle (e.g., 2H) and have phases shifted from
cach other. Here, the second control clock signal CCLK?2
may be set such that the phase thereof 1s shifted by 2 cycle
(e.g., V2 cycle period) from the first control clock signal
CCLKI1. Further, 1n one cycle (e.g., in one cycle period) of
cach of the first control clock signal CCLK1 and the second
control clock signal CCLK2, a high-voltage period may be
set to a period longer than a low-voltage period.

Additionally, the widths of the clock signals CLKI,
CLK2, CLK3, and CLK4 may be set such that the high-
voltage period of each of the clock signals overlaps the
low-voltage periods of the first control clock signal CCLK1
and the second control clock signal CCLK2.

FIG. 3 1s a diagram 1llustrating an example of coupling
terminals of the stage 1llustrated 1n FIG. 2. In FIG. 3, an 1-th
stage S'T1 1s 1llustrated for the convemence of description.

Referring to FI1G. 3, the stage S'T1 according to an embodi-
ment of the present disclosure includes a first input terminal
101, a second 1nput terminal 102, a third input terminal 103,
a fourth mnput terminal 104, an output terminal 105, a first
power input terminal 106, and a second power input terminal
107.

The first input terminal 101 1s supplied with a scan signal
SS1—1 from an 1—1-th stage STi1—-1. Here, when the 1-th stage
ST1 1s set to a first stage ST1, a first gate start pulse GSP1
1s supplied through the first input terminal 101.

The second mput terminal 102 1s supplied with a first
clock signal CLK1. The second input terminal 102 1s elec-
trically coupled to the output terminal 105 during at least a
part of one frame period 1n accordance with the driving of
the 1-th stage STi. Here, a high voltage of the first clock
signal CLK1 supplied through the second input terminal 102
1s supplied as a scan signal SS1 to the 1-th first scan line S1i.

The third input terminal 103 1s supplied with a first control
clock signal CCLK1. In this case, a second control clock
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signal CCLK2 1s supplied through the third mput terminal
103 of the 1-1-th stage STi-1.

The fourth mput terminal 104 1s supplied with the second
control clock signal CCLK?2. Here, the first control clock
signal CCLKI1 1s supplied through the fourth 1input terminal
104 of the 1-1-th stage STi-1.

The output terminal 105 outputs the scan signal SS1 of the
1-th stage STi1. The scan signal SS1 outputted through the
output terminal 105 1s supplied to the 1-th first scan line S1i.

The first power input terminal 106 1s coupled to first
power VDD, and the second mnput terminal 107 1s coupled
to second power VSS. Here, the first power VDD 1s set to a
gate-ofl voltage, and the second power VSS 1s set to a
gate-on voltage. The gate-ofl voltage refers to a voltage that
enables transistors included 1n the 1-th stage S'T1 to be turned
oil, and the gate-on voltage refers to a voltage that enables
the transistors included 1n the 1-th stage S'T1 to be turned on.
For this operation, the first power VDD may be set to a
voltage higher than that of the second power VSS.

Further, in the embodiment of the present disclosure, the
high voltages of the clock signals CLK1 to CLK4, CCLKI,
and CCLK2 may be set to gate-ofl voltages (e.g., VDD), and
the low voltages thereof may be set to gate-on voltages (e.g.,
VSS).

FIG. 4 1s a circuit diagram 1llustrating an embodiment of
the circuit stage illustrated in FIG. 3. Heremafter, for the
convenience of description, it 1s assumed that the supply of
the control clock signals CCLK1 and CCLK2 means that a
gate-on voltage (e.g., a low voltage) 1s supplied, and that the
non-supply of the control clock signals CCLK1 and CCLK?2
means that a gate-off voltage (e.g., a high voltage) 1s
supplied. Also, it 1s assumed that the supply of the clock
signal CLK1 means that a gate-ofl voltage (e.g., a high
voltage) 1s supplied, and the non-supply of the clock signal
CLK1 means that a gate-on voltage (e.g., a low voltage) 1s
supplied. Furthermore, for the convenience of description,
the 1-th stage STi 1s assumed to be a first stage ST1.

Referring to FIG. 4, the stage STi1 according to an embodi-
ment of the present disclosure may include an input unit
(e.g., an 1nput circuit) 210, an output unit (e.g., an output
circuit) 220, a first driving unit (e.g., a first driving circuit)
230, a second driving unit (e.g., a second driving circuit)
240, and a first transistor M1.

A first electrode of the first transistor M1 1s coupled to a
first input terminal 101, and a second electrode of the first
transistor M1 1s coupled to the input unit 210. Further, a gate
clectrode of the first transistor M1 1s coupled to a second
input terminal 102. The first transistor M1 1s turned on when
the first clock signal CLK1 i1s not supplied through the
second 1mput terminal 102, and thus electrically couples the
first input terminal 101 to the input unit 210.

The first transistor M1 controls the corresponding scan
signal so that scan signals outputted to the first scan lines
S11 to S1n overlap each other mm a set or predetermined
period, as 1llustrated 1n FIG. 6. That 1s, the first transistor M1
1s turned off when the first clock signal CLKI1 1s supplied
through the second input terminal 102. When the first
transistor M1 1s turned off, the voltage of a second node N2
may be prevented or substantially prevented from decreas-
ing due to the low voltage of the first mput terminal 101
during a period in which the first clock signal CLK1 1s
supplied to the output terminal 105 (1.e., when the scan
signal SS1 1s outputted).

The output unit 220 1s coupled to the second input
terminal 102 and the second power mnput terminal 107, and
controls the voltage of the output terminal 105 in response
to voltages of the first node N1 and the second node N2. For
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example, the output unit 220 electrically couples the second
input terminal 102 or the second power mput terminal 107
to the output terminal 105 in accordance with the voltages of
the first node N1 and the second node N2. For this operation,

the output unit 220 may include a ninth transistor M9, a tenth
transistor M10, an eleventh transistor M11, and a third
capacitor C3.

The ninth transistor M9 1s coupled between the second
input terminal 102 and the first node N1. Further, a gate
clectrode of the ninth transistor M9 1s coupled to the second
node N2. The ninth transistor M9 1s turned on or off in
response to the voltage of the second node N2.

The tenth transistor M 10 1s coupled between the second
input terminal 102 and the output terminal 105. Further, a
gate electrode of the tenth transistor M10 1s coupled to the
first node N1. The tenth transistor M10 1s turned on or off 1n
response to the voltage of the first node N1. Here, when the
tenth transistor M10 1s turned on, the voltage (1.e., high
voltage) of the first clock signal CLK1 supplied through the
second mput terminal 102 1s outputted as a scan signal SS1.

The eleventh transistor M11 1s coupled between the
output terminal 105 and the second power input terminal
107. Further, a gate electrode of the eleventh transistor M11
1s coupled to the second node N2. The eleventh transistor
M11 1s turned on or off 1n response to the voltage of the
second node N2.

The thaird capacitor C3 1s coupled between the second
input terminal 102 and the first node N1. The third capacitor
C3 stores the voltage of the first node NI.

When the voltage of the second node N2 1s set to a low
voltage, the ninth transistor M9 1s set to a turn-on state.
When the ninth transistor M9 1s set to a turn-on state, the
second 1put terminal 102 1s electrically coupled to the first
node N1, and thus the voltage of the first node N1 1s set to
the voltage of the second 1nput terminal 102. Therefore, the
ninth transistor M9 1s set to a turn-on state, and the voltages
of the gate electrode and the first electrode of the tenth
transistor M10 are set to the same, and thus the tenth
transistor M10 1s set to a turn-off state.

The 1nput unit 210 controls the voltages of the second
node N2 and a third node N3 in accordance with the signal
from the first mput terminal 101 coupled via the first
transistor M1 and the signal of the third mnput terminal 103.
For this operation, the input umit 210 has a second transistor
M2, a third transistor M3, and a fourth transistor M4.

The second transistor M2 1s coupled between the second
clectrode of the first transistor M1 and the second node N2.
Further, a gate electrode of the second transistor M2 1is
coupled to the third mput terminal 103. The second transis-
tor M2 1s turned on when the first control clock signal
CCLK1 1s supplied through the third input terminal 103, and
thus electrically couples the first transistor M1 to the second
node N2.

The third transistor M3 1s coupled between the third node
N3 and the third input terminal 103. Further, a gate electrode
of the third transistor M3 1s coupled to the second node N2.
The third transistor M3 1s turned on or ofl in response to the
voltage of the second node N2.

The fourth transistor M4 i1s coupled between the third
node N3 and the second power input terminal 107. Further,
a gate electrode of the fourth transistor M4 1s coupled to the
third input terminal 103. The fourth transistor M4 1s turned
on when the first control clock signal CCLKI1 1s supplied
through the third input terminal 103, and thus supplies the
voltage of the second power VSS to the third node N3.

The first driving unit 230 1s coupled to the first power
input terminal 106 and the fourth input terminal 104, and
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then controls the voltage of a fourth node N4 1n response to
the voltages of the second node N2 and the third node N3.
For this operation, the first driving unit 230 includes a fifth
transistor M3, a sixth transistor M6, and a first capacitor C1.

The fifth transistor M5 1s coupled between the fourth node
N4 and the fourth mput terminal 104. The fifth transistor M5
controls electrical coupling between the fourth node N4 and
the fourth input terminal 104 while being turned on or ofl 1n
response to the voltage of the second node N2.

The sixth transistor M6 1s coupled between the first power
mput terminal 106 and the fourth node N4. The sixth
transistor M6 controls electrical coupling between the first
power mput terminal 106 and the fourth node N4 while
being turned on or off 1n response to the voltage of the third

node N3.

The first capacitor C1 1s coupled between the fourth node
N4 and the second node N2. The third capacitor C1 stores a
voltage corresponding to the second node N2.

The fourth node N4 included 1n the first driving unit 230
1s periodically supplied with the second control clock signal
CCLK2 from the fourth input terminal 104 when the voltage
of the second node N2 1s set to a low voltage. When the
second control clock signal CCLK2 1s supplied to the fourth
node N4, the voltage of the second node N2 periodically
decreases to a voltage lower than a low voltage (e.g., VSS)
due to the coupling of the first capacitor Cl1, as illustrated 1n
FIG. 5. In this way, when the voltage of the second node N2
periodically decreases, the drniving characteristics of the
transistors M3, M5, M9, and M11 coupled to the second
node N2 may be improved (when a low voltage 1s periodi-
cally applied to the gate electrode of a PMOS transistor,
driving characteristics may be improved).

Further, when the voltage of the third node N3 is set to a
low voltage, the first driving unit 230 supplies the voltage of
the first power VDD to the fourth node N4. When the
voltage of the first power VDD 1s supplied to the fourth node
N4, the voltage of the second node N2 may be stably
maintained due to the coupling of the first capacitor C1.

The second driving umit 240 1s coupled to the third node
N3, and controls the voltage of the first node N1 in response
to the second control clock signal CCLK2 supplied through
the fourth input terminal 104. For this operation, the second
driving unit 240 includes a seventh transistor M7, an eighth
transistor M8, and a second capacitor C2.

A first terminal of the second capacitor C2 is coupled to
the third node N3, and a second terminal of the second
capacitor C2 1s coupled to the eighth transistor MS.

The seventh transistor M7 1s coupled between the second
terminal of the second capacitor C2 and the fourth input
terminal 104. Further, a gate electrode of the seventh tran-
sistor M7 1s coupled to the tthd node N3. The seventh
transistor M7 1s turned on or ofl 1n response to the voltage
of the third node N3.

The eighth transistor M8 1s coupled between the second
terminal of the second capacitor C2 and the first node NI.
Further, a gate electrode of the eighth transistor M8 1s
coupled to the fourth input terminal 104. The eighth tran-
sistor M8 1s turned on when the second control clock signal
CCLK2 1s supplied through the fourth input terminal 104,
and thus electrically couples the second terminal of the
second capacitor C2 to the first node NI.

Further, the above-described first to eleventh transistors
M1 to M11 are implemented as P-type transistors. That 1is,
the stage ST according to the present disclosure 1s 1mple-
mented using P-type transistors, and supplies a high voltage
as a scan signal SS.




US 11,735,117 B2

11

FIG. § 1s a wavetorm diagram 1llustrating an embodiment
of a method of driving the stage 1llustrated in FIG. 4.

Referring to FIG. 5, when a first gate start pulse GSP1 1s
supplied, the voltage of the first input terminal 101 may be
set to the voltage of first power VDD, whereas when the first
gate start pulse GSP1 1s not supplied, the voltage of the first
input terminal 101 may be set to the voltage of second power
VSS.

Further, the first gate start pulse GSP1 supplied through
the first iput terminal 101 1s designated to overlap a signal
(1.e., a first control clock signal CCLK1) supplied through
the third input terminal 103 at least once.

In an operating process thereof, the first gate start pulse
GSP1 1s first supplied through the first input terminal 101 at
first time point t1. Here, because the transistor M1 1s set to
a turn-on state, the first gate start pulse GSP1 supplied
through the first input terminal 101 1s supplied to the second
transistor M2.

At second time point t2, the first control clock signal
CCLKI1 1s supplied through the third mput terminal 103.
When the first control clock signal CCLKI1 1s supplied
through the third input terminal 103, the second transistor
M2 and the fourth transistor M4 are turned on.

When the second transistor M2 1s turned on, the first input
terminal 101 1s electrically coupled to the second node N2.
Then, the voltage of the second node N2 1s set to a high
voltage 1n accordance with the first gate start pulse GSP1
supplied through the first mput terminal 101. When the
voltage of the second node N2 i1s set to the high voltage, the
third transistor M3, the fifth transistor M5, the ninth tran-
sistor M9, and the eleventh transistor M11 are turned of

When the fourth transistor M4 1s turned on, the voltage of
the second power VSS 1s supplied to the third node N3.
When the voltage of the second power VSS 1s supplied to the
third node N3, the sixth transistor M6 and the seventh
transistor M7 are turned on.

When the sixth transistor M6 1s turned on, the voltage of
the first power VDD 1s supplied to the fourth node N4. When
the voltage of the first power VDD 1s supplied to the fourth
node N4, the voltage of the second node N2 may be stably
maintained due to the coupling of the first capacitor C1.

When the seventh transistor M7 1s turned on, the second
terminal of the second capacitor C2 1s electrically coupled to
the fourth mput terminal 104. Here, because the eighth
" state, the first node N1 1s

transistor M8 1s set to a turn-ofl
maintained at a voltage of a previous period.

At third time point t3, the first clock signal CLK1 1s
supplied through the second nput terminal 102, and the
second control clock signal CCLK?2 1s supplied through the
fourth mnput terminal 104.

When the second control clock signal CCLK2 1s supplied
through the fourth input terminal 104, the second control
clock signal CCLK2 1s supplied to the second terminal of the
second capacitor C2 via the seventh transistor M7. Then, the
voltage of the third node N3 decreases to a voltage lower
than that of the second power VSS due to the coupling of the
second capacitor C2. When the voltage of the third node N3
decreases, the seventh transistor M7 may stably remain
turned on while driving characteristics are improved.

Further, when the second control clock signal CCLK2 1s
supplied through the fourth input terminal 104, the eighth
transistor M8 1s turned on. When the eighth transistor M8 1s
turned on, the second control clock signal CCLK2 1s sup-
plied to the first node N1. In this case, the voltage of the first
node N1 1s set to a low voltage, and thus the tenth transistor
M10 1s turned on (here, the ninth transistor M9 remains
turned ofl due to the voltage of the second node N2).
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When the tenth transistor M 10 is turned on, the first clock
signal CLK1 supplied through the second 1mnput terminal 102
1s supplied to the output terminal 105. The first clock signal
CLK1 supplied to the output terminal 105 1s supplied as a
scan signal SS1 to a 1st, first scan line S1.

Additionally, the first transistor M1 1s turned off when the
first clock signal CLK1 1s supplied through the second 1nput
terminal 102. When the first transistor M1 1s turned off, the
first input terminal 101 1s electrically disconnected from the
second transistor M2.

At fourth time point t4, the first control clock signal

CCLK1 1s supplied through the third mput terminal 103.
When the first control clock signal CCLKI1 1s supplied
through the third input terminal 103, the second transistor
M2 and the fourth transistor M4 are turned on. When the
fourth transistor M4 1s turned on, the voltage of the second
power VSS 1s supplied to the third node N3.

When the second transistor M2 1s turned on, the first
transistor M1 1s electrically coupled to the second node N2.
Here, because the first transistor M1 1s set to a turn-ofl state,
the second node N2 may be stably maintained at a high
voltage.

At fifth time point t5, the supply of the first clock signal
CLK1 through the second mput terminal 102 1s stopped.
When the supply of the first clock signal CLK1 1s stopped.,
the voltage of the second 1nput terminal 102 decreases from
a high voltage to a low voltage. Then, the voltage of the first
node N1 decreases due to the coupling of the third capacitor
C3, and thus the tenth transistor M10 remains turned on.
When the tenth transistor M 10 remains turned on, a low
voltage supplied through the second input terminal 102 1s
applied to the output terminal 105. That 1s, at fifth time point
t3, the supply of the scan signal SS1 1s stopped.

At sixth time point t6, the second control clock signal
CCLK2 1s supplied through the fourth input terminal 104.
When the second control clock signal CCLK2 1s supplied
through the fourth input terminal 104, the second control
clock signal CCLK2 1s supplied to the second terminal of the
second capacitor C2 via the seventh transistor M7. Then, the
voltage of the third node N3 decreases to a voltage lower

than that of the second power VSS due to the coupling of the
second capacitor C2.

Further, when the second control clock signal CCLK2 1s
supplied through the fourth iput terminal 104, the eighth
transistor M8 1s turned on. When the eighth transistor M8 1s
turned on, the second control clock signal CCLK2 1s sup-
plied to the first node N1. In this case, the first node N1 1s
maintained at a low voltage, and thus the tenth transistor
M10 remains turned on.

At seventh time point t7, the first control clock signal
CCLKI1 1s supplied through the third mmput terminal 103.
When the first control clock signal CCLK1 1s supplied
through the third mput terminal 103, the second transistor
M2 and the fourth transistor M4 are turned on. When the
fourth transistor M4 1s turned on, the voltage of the second
power VSS 1s supplied to the third node N3.

On the other hand, at seventh time point t7, the first clock
signal CLK1 1s not supplied through the second input
terminal 102, and thus the first transistor M1 remains turned
on. Therefore, when the second transistor M2 1s turned on,
a low voltage supplied through the first input terminal 101
1s applied to the second node N2.

When the low voltage 1s applied to the second node N2,
the third transistor M3, the fifth transistor M3, the ninth
transistor M9, and the eleventh transistor M11 are turned on.
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When the third transistor M3 1s turned on, the voltage of
the second power VSS from the third node N3 1s supplied to
the second node N2. That i1s, the second node N2 1s main-
tained at a low voltage.

When the fifth transistor M5 1s turned on, the fourth mnput
terminal 104 1s electrically coupled to the fourth node N4.

When the ninth transistor M9 is turned on, the first node
N1 1s electrically coupled to the second input terminal 102.
Here, the voltage of the second mnput terminal 102 1s set to
a low voltage, and thus the voltage of the first node N1 1s set
to a low voltage.

When the eleventh transistor M 11 1s turned on, the voltage
of the second power VSS 1s supplied to the output terminal
105.

At eighth time point t8, the supply of the first control
clock signal CCLK1 through the third input terminal 103 1s
stopped. That 1s, the voltage of the third mput terminal 103
increases from a low voltage to a high voltage. Here,
because the third transistor M3 1s set to a turn-on state, the
voltage of the third node N3 increases to the high voltage.
When the voltage of the third node N3 increases, the sixth
transistor M6 and the seventh transistor M7 are turned ofl.

At ninth time point t9, the second control clock signal
CCLK2 1s supplied through the fourth input terminal 104,
and the first clock signal CLK1 1s supplied through the
second 1nput terminal 102.

When the second control clock signal CCLK?2 1s supplied
through the fourth input terminal 104, the second control
clock signal CCLK?2 1s applied to the fourth node N4. Then,

the voltage of the second node N2 decreases due to the
coupling of the first capacitor C1. That 1s, the voltage of the
second node N2 decreases to a voltage lower than that of the
second power VSS.

Further, because the ninth transistor M9 remains turned
on at ninth time point t9, the first clock signal CLKI1
supplied through the second input terminal 102 1s applied to
the first node N1, and thus the voltage of the first node N1
increases to a high voltage. When the voltage of the first
node N1 1s set to the high voltage, the tenth transistor M10
1s turned ofl. Therefore, the output terminal 105 1s main-

tained at the voltage of the second power VSS regardless of
the first clock signal CLK1 supplied through the second
input terminal 102.

The stage ST according to the present disclosure outputs
a scan signal SS1 to the output terminal 105 while repeating
the above-described procedure. Further, the second stage
ST2 supplied with the scan signal from the output terminal
105 of the first stage ST1 also outputs a scan signal while
repeating the above-described procedure. That i1s, as illus-
trated 1n FIG. 6, scan signals may be sequentially supplied
to the scan lines S1 to S4.

FIG. 7 1s a wavelorm diagram illustrating the simulation
results of the stage according to an embodiment of the
present disclosure. In FIG. 7, the stage 1s assumed to be a
first stage ST1.

Referring to FIG. 7, the first stage ST1 of the present
disclosure outputs a scan signal SS1 to a 1st, first scan line
S1 1n accordance with the first gate start pulse GSP1. That
1s, the first stage ST1 of the present disclosure may stably

output the scan signal SS1 1n accordance with the control
clock signals CCLK1 and CCLK2 and the clock signal

CLKI.

FIG. 8 1s a circuit diagram 1llustrating an embodiment of
the stage illustrated 1n FIG. 3. In the description of FIG. 8,
the same reference numerals are allocated to designate
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components that are 1dentical to or substantially identical to
those of FIG. 4, and thus a detailed description thereof may
not be repeated.

Referring to FIG. 8, a stage ST1 according to an embodi-
ment of the present disclosure may include an input unit 210,
an output unit 220, a first driving unit 230", a second driving
unit 240, and a first transistor M1.

The first driving unit 230" 1s coupled to a first power 1nput
terminal 106 and a fourth mnput terminal 104, and controls
the voltage of a second node N2 1n response to the voltage
of a third node N3. For this operation, the first driving unit
230" may include a fifth transistor M5', a sixth transistor M6',
and a first capacitor C1'.

The fifth transistor M3' and the sixth transistor M6' are
coupled 1n series between the second node N2 and the first
power mput terminal 106. Further, a gate electrode of the
fifth transistor M3' 1s coupled to the fourth input terminal
104, and a gate clectrode of the sixth transistor M6' 1s
coupled to the third node N3.

The first capacitor C1' 1s coupled between the second
node N2 and the fourth mput terminal 104.

The first driving unit 230" 1s configured to control the
voltage of the second node N2 1n response to the second
control clock signal CCLK2, and an actual operating process
of the first dnving unit 230' 1s similar to that of the first
driving unit 230 1illustrated 1n FIG. 4.

In detail, the first driving unit 230 illustrated in FIG. 4
periodically decreases the voltage of the second node N2 in
response to the second control clock signal CCLK?2 from the
fourth mnput terminal 104 when the voltage of the second
node N2 1s set to a low voltage. Similarly, the first driving
unit 230" 1llustrated 1n FIG. 8 also periodically decreases the
voltage of the second node N2 whenever the second control
clock signal CCLK2 1s supplied due to the coupling of the
first capacitor C1' when the voltage of the second node N2
1s set to a low voltage.

Further, when the voltage of the third node N3 is set to a
low voltage, the first driving unit 230 1illustrated in FIG. 4
maintains the voltage of the second node N2 at the voltage
of first power VDD. Similarly, the first driving unit 230’
illustrated 1n FIG. 8 also supplies the voltage of the first
power VDD to the second node N2 when the second control
clock signal CCLK2 1s supplied at the same time that the
voltage of the third node N3 1s set to a low voltage.

That 1s, the first driving unit 230" 1llustrated 1n FIG. 8 1s

operated 1 a way similar or identical to that of the first
driving umit 230 illustrated 1n FIG. 4, and thus a detailed
description thereol may not be repeated.

FIG. 9 1s a circuit diagram 1llustrating an embodiment of
the stage illustrated 1n FIG. 3. In the description of FIG. 9,
the same reference numerals are allocated to components
that are 1dentical to or substantially identical to those of FIG.
4, and thus a detailed description therecof may not be
repeated.

Referring to FIG. 9, a stage STi1 according to an embodi-
ment of the present disclosure has the same configuration as
the stage of FIG. 4, except that a first transistor M1 1s
removed.

Here, when the first transistor M1 i1s removed, the first
input terminal 101 1s always electrically coupled to a second
transistor M2. Here, the present embodiment does not have
a configuration 1 which scan signals are outputted to {first
scan lines S1 to overlap each other, as illustrated 1n FIG. 6.

That 1s, 1n the embodiment of the present disclosure, first
to fourth clock signals CLK1 to CLK4 are supplied not to
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overlap each other, as illustrated 1n FIG. 10. In this case, the
scan signals that are supplied to the scan lines S1 do not
overlap each other, either.

In accordance with a stage and a scan driver using the
stage according to the embodiments of the present disclo-
sure, high-level scan signals may be supplied using stages,
cach implemented using P-type transistors. Further, the
embodiments of the present disclosure may freely control
the width of scan signals by controlling the width of clock
signals.

It will be understood that, although the terms “first”,
“second”, “third”, etc., may be used herein to describe
various elements, components, regions, layers and/or sec-
tions, these elements, components, regions, layers and/or
sections should not be limited by these terms. These terms
are used to distinguish one eclement, component, region,
layer or section from another element, component, region,
layer or section. Thus, a first element, component, region,
layer or section discussed below could be termed a second
clement, component, region, layer or section, without
departing from the spirit and scope of the inventive concept.

In addition, 1t will also be understood that when a layer 1s
referred to as being “between” two elements, it can be the
only element between the two elements, or one or more
intervening elements may also be present.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments and 1s not intended to be limit-
ing of the mventive concept. As used herein, the singular
forms “a” and “an” are itended to include the plural forms
as well, unless the context clearly indicates otherwise. It will
be further understood that the terms “include,” “including,”
“comprises,” and/or “comprising,” when used 1n this speci-
fication, specily the presence of stated features, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other
features, 1ntegers, steps, operations, elements, components,
and/or groups thereof. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed 1tems. Expressions such as “at least one of,”
when preceding a list of elements, modily the entire list of
clements and do not modily the individual elements of the
list. Further, the use of “may” when describing embodiments
of the mmventive concept refers to “one or more embodiments
of the mventive concept.” Also, the term “exemplary” 1is
intended to refer to an example or illustration.

It will be understood that when an element or layer 1s
referred to as being “on”, “connected to”, “coupled t0”, or
“adjacent” another element or layer, it can be directly on,
connected to, coupled to, or adjacent the other element or
layer, or one or more intervening elements or layers may be
present. When an element or layer 1s referred to as being
“directly on,” “directly connected to”, “directly coupled to”,
or “immediately adjacent” another element or layer, there
are no itervening elements or layers present.

As used herein, the terms “use,” “using,” and “used” may
be considered synonymous with the terms “utilize,” “utiliz-
ing,” and “utilized,” respectively.

Example embodiments have been disclosed herein, and
although specific terms are employed, they are used and are
to be interpreted 1n a generic and descriptive sense and not
for purpose of limitation. In some instances, as would be
apparent to one of ordinary skill in the art as of the filing of
the present application, features, characteristics, and/or ¢le-
ments described 1n connection with a particular embodiment
may be used singly or in combination with features, char-
acteristics, and/or elements described in connection with
other embodiments unless otherwise specifically indicated.
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Accordingly, 1t will be understood by those of skill 1n the art
that various suitable changes 1n form and details may be
made without departing from the spirit and scope of the
present disclosure as defined by the following claims, and
equivalents thereof.

What 1s claimed 1s:

1. A circuit stage comprising:

a first transistor comprising a first electrode and a gate
clectrode, the first electrode being coupled to a first
input terminal, and the gate electrode being coupled to
a second 1nput terminal and configured to receive a first
clock signal;

an output circuit coupled to the second input terminal and
a second power input terminal, and configured to
receive the first clock signal such that the output circuit
and the gate electrode of the first transistor are both
configured to receive the first clock signal, and the
output circuit 1s configured to supply a scan signal to an
output terminal 1n accordance with voltages of a first
node and a second node:

an mput circuit coupled to a second electrode of the first
transistor and to a third mput terminal, the third input
terminal being configured to receive a first control
clock signal, the iput circuit being configured to
control voltages of the second node and a third node;

a first dnving circuit coupled to a first power input
terminal and to a fourth input terminal configured to
receive a second control clock signal, the first driving
circuit being configured to control the voltage of the
second node; and

a second driving circuit coupled to the fourth input
terminal and the third node, and configured to control
the voltage of the first node,

wherein the output circuit comprises:

a nminth transistor coupled between the second input
terminal, to receive the first clock signal, and the first
node, a gate electrode of the ninth transistor being
coupled to the second node; and

a tenth transistor coupled between the second input ter-
minal, to receive the first clock signal, and the output
terminal, a gate electrode of the tenth transistor being
coupled to the first node.

2. The circuit stage according to claim 1, wherein tran-
sistors of the output circuit, the input circuit, the first driving
circuit, and the second driving circuit, and the first transistor
are P-type transistors.

3. The circuit stage according to claim 1, wherein the first
power mput terminal 1s configured to receive a first power
voltage set to a gate-ofl voltage, and the second power input
terminal 1s configured to receive a second power voltage set
to a gate-on voltage.

4. The circuit stage according to claim 1, wherein the first
input terminal 1s configured to receive either an output signal
from a previous circuit stage or a gate start pulse.

5. The circuit stage according to claim 1, wherein the first
control clock signal and the second control clock signal have
an 1dentical cycle period, and are configured such that, 1n
one cycle period, a high voltage supply period is longer than
a low voltage supply period and such that the second control
clock signal 1s shifted by Y2 cycle period from the first
control clock signal.

6. The circuit stage according to claim 1, wherein the first
clock signal has a cycle period longer than that of the first
control clock signal, and 1s configured such that, 1n one cycle
period, a high voltage supply period 1s shorter than a low
voltage supply period.
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7. The circuit stage according to claim 6, wherein a high
voltage supply period of the first clock signal overlaps low
voltage supply periods of the first control clock signal and
the second control clock signal.

8. The circuit stage according to claim 1, wherein the
input circuit comprises:

a second transistor coupled between the second electrode
of the first transistor and the second node, a gate
clectrode of the second transistor being coupled to the
third mput terminal;

a third transistor coupled between the third node and the
third mput terminal, a gate electrode of the third
transistor being coupled to the second node; and

a Tourth transistor coupled between the third node and the

second power mput terminal, a gate electrode of the

fourth transistor being coupled to the third input ter-

minal.

9. The circuit stage according to claim 1, wherein the first

driving circuit comprises:

a fifth transistor coupled between a fourth node and the
fourth mput terminal, a gate electrode of the fifth
transistor being coupled to the second node;

a sixth transistor coupled between the first power input
terminal and the fourth node, a gate electrode of the
sixth transistor being coupled to the third node; and

a first capacitor coupled between the second node and the
fourth node.

10. The circuit stage according to claim 1, wherein the

first driving circuit comprises:

a first capacitor coupled between the second node and the
fourth mnput terminal; and

a 1ifth transistor and a sixth transistor coupled in series
between the second node and the first power input
terminal,

wherein a gate electrode of the fifth transistor 1s coupled
to the fourth input terminal, and a gate electrode of the
sixth transistor 1s coupled to the third node.

11. The circuit stage according to claim 1, wherein the

second driving circuit comprises:

a second capacitor comprising a first terminal coupled to
the third node;

a seventh transistor coupled between a second terminal of
the second capacitor and the fourth input terminal, a
gate electrode of the seventh transistor being coupled to
the third node; and

an ei1ghth transistor coupled between the second terminal
of the second capacitor and the first node, a gate
clectrode of the eighth transistor being coupled to the
fourth mnput terminal.

12. The circuit stage according to claim 1, wherein the

output circuit further comprises:

an eleventh transistor coupled between the output termi-
nal and the second power input terminal, a gate elec-
trode of the eleventh transistor being coupled to the
second node; and

a third capacitor coupled between the second input ter-
minal and the first node.

13. A scan driver comprising;:

a plurality of circuit stages configured to supply high-
voltage scan signals to scan lines,

wherein each of the circuit stages comprises:

a {irst transistor comprising a first electrode and a gate
clectrode, the first electrode being coupled to a first
input terminal configured to receive either an output
signal from a previous circuit stage or a gate start
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pulse, the gate electrode being coupled to a second

input terminal and configured to receive a clock

signal;

an output circuit coupled to the second input terminal
and to a second power mput terminal configured to
receive a second power voltage, the output circuit
being configured to receive the clock signal such that
the output circuit and the gate electrode of the first
transistor are both configured to receive the clock
signal, and the output circuit 1s configured to supply
a scan signal to an output terminal 1 accordance
with voltages of a first node and a second node;

an 1nput circuit coupled to a second electrode of the first
transistor and to a third input terminal configured to
receive a first control clock signal, the input circuit
being configured to control voltages of the second
node and a third node:

a first driving circuit coupled to a first power input
terminal configured to receive a first power voltage
set to a voltage higher than that of the second power
voltage, the first driving circuit being coupled to a
fourth input terminal configured to receive a second
control clock signal, the first driving circuit being
configured to control the voltage of the second node;
and

a second driving circuit coupled to the fourth nput
terminal and the third node, and configured to con-
trol the voltage of the first node, and

wherein the output circuit comprises:

a minth transistor coupled between the second input
terminal, to receive the clock signal, and the first
node, a gate electrode of the ninth transistor being
coupled to the second node; and

a tenth transistor coupled between the second input
terminal, to receive the clock signal, and the output
terminal, a gate electrode of the tenth transistor being
coupled to the first node.

14. The scan dniver according to claim 13, wherein
transistors of the output circuit, the input circuit, the first
driving circuit, and the second driving circuit, and the first
transistor are P-type transistors.

15. The scan driver according to claim 13, wherein second
input terminals of j-th circuit stages (where j1s 1, 5,9, . ..
) are configured to recerve a first clock signal, second 1nput
terminals of j+1-th circuit stages are configured to receive a
second clock signal, second 1mnput terminals of j+2-th circuit
stages configured to recerve a third clock signal, and second
mput terminals of j+3-th circuit stages are configured to
receive a fourth clock signal.

16. The scan driver according to claim 135, wherein the
first to fourth clock signals have an i1dentical cycle period,
and are configured such that, in one cycle period, a high
voltage supply period is shorter than a low voltage supply
period.

17. The scan driver according to claim 16, wherein the
first to fourth clock signals are sequentially supplied such
that phases thereof are shifted by %4 cycle period from each
other.

18. The scan driver according to claim 13, wherein the
first control clock signal and the second control clock signal
have an 1dentical cycle period, and are configured such that,
in one cycle period, a high voltage supply period 1s longer
than a low voltage supply period and such that the second
control clock signal 1s shifted by % cycle period from the
first control clock signal.
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